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SEMICONDUCTOR  MEASUREMENT  TECHNOLOGY; 


LIST  OF  PUBLICATIONS  - 1962-1986 
Introduction 

This  list  of  publications  contains  reports  of  work  performed  at  the  National  Bureau  of 
Standards  (NBS)  in  the  field  of  Semiconductor  Measurement  Technology.  The  publications 
are  grouped  by  author  in  a given  year,  with  the  current  year  appearing  first  in  the  listing. 
An  index  by  topic  area  is  provided.  Each  topic  is  followed  by  year  and  reference  number 
of  the  appropriate  publication.  For  the  reader’s  convenience,  a list  by  author  is  also  given. 

Most  of  the  publications  listed  herein  resulted  from  work  carried  out  as  part  of  the  NBS 
Semiconductor  Technology  Program  (STP).  This  Program  serves  to  focus  NBS  research 
on  improved  measurement  technology  for  the  use  of  the  semiconductor  device  community 
in  specifying  materials,  equipment,  and  devices  in  national  and  international  commerce, 
and  in  monitoring  and  controlling  device  fabrication  and  assembly.  This  research  leads 
to  carefully  evaluated,  well-documented  measurement  methods,  data,  reference  artifacts, 
models  and  theory,  and  associated  technology  which  when  applied  by  the  industry  are 
expected  to  contribute  to  higher  yields,  lower  cost,  and  higher  reliability  of  semiconduc- 
tor devices  and  to  provide  a basis  for  controlled  improvements  in  fabrication  processes 
and  device  performance.  By  providing  a common  basis  for  the  purchase  specifications  of 
government  agencies,  improved  measurement  technology  also  leads  to  greater  economy  in 
government  procurement.  Financial  support  of  the  Program  is  provided  by  a variety  of 
Federal  agencies;  sponsorship  is  acknowledged  in  each  report. 

The  work  of  the  Semiconductor  Technology  Program  is  carried  out  by  the  Semiconductor 
Electronics  Division  (formerly  the  Semiconductor  Materials  & Processes  and  the  Semicon- 
ductor Devices  & Circuits  Divisions).  Inquiries  regarding  the  work  of  the  Division  should 
be  directed  to  Frank  F.  Oettinger,  Division  Chief,  Room  B344,  Technology  Building,  Na- 
tional Bureau  of  Standards,  Gaithersburg,  MD  20899. 

The  linewidth  metrology  work,  formerly  a part  of  the  Semiconductor  Materials  & Processes 
Division,  is  now  part  of  the  Precision  Engineering  Division  of  the  Center  for  Manufactur- 
ing Engineering,  although  those  publications  that  pertain  to  the  semiconductor  industry 
still  appear  in  this  report.  Detailed  inquiries  may  be  made  to  Robert  D.  Larrabee,  Group 
Leader,  Linewidth  Metrology,  Room  A331,  Technology  Building,  National  Bureau  of  Stan- 
dards, Gaithersburg,  MD  20899. 
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How  to  Obtain  Listed  Publications 


In  most  cases,  reprints  of  articles  in  technical  journals  may  be  obtained  on  request  to 
the  author  or  to  the  above  address.  Copies  of  most  NBS  Technical  Notes  and  Special 
Publications,  NBS  Interagency  Reports  (NBSIR  Series),  NBS  Grant- Contract  Reports 
(NBS-GCR  Series),  and  other  Government  reports  may  be  ordered  through  the  National 
Technical  Information  Service  (NTIS),  U„S.  Department  of  Commerce,  Springfield,  VA 
22161;  or  from  the  Government  Printing  Office  (GPO),  Superintendent  of  Documents, 
TLS.  Government  Printing  Office,  Washington,  DC  20402.  Current  price  information  may 
be  obtained  from  the  NTIS  Order  Desk,  (703)  487-4650  or  from  the  GPO  Order  and 
Inquiry  Section,  (202)  783-3238. 

Progress  Briefs 

Progress  Briefs  have  been  issued  in  the  NBSIR  Series  to  describe  the  work  in  the  Semi- 
conductor Technology  Program  on  a periodic  basis  and  also  to  list  new  reports  as  they 
become  available.  The  Center  for  Electronics  and  Electrical  Engineering  (CEEE)  con- 
tinues to  publish  such  material  in  a Center-wide  publication,  CEEE  Technical  Progress 
Bulletin.  All  individuals  on  the  present  Progress  Briefs  mailing  list  will  continue  to  receive 
issues  In  that  series.  Requests  to  have  names  placed  on  this  list  should  be  sent  to:  Mr.  J. 
F.  Mayo- Wells,  CEEE,  Room  B358,  Metrology  Building,  National  Bureau  of  Standards, 
Gaithersburg,  MD  20899,  telephone:  (301)  975-2220. 

Videotapes 

The  videotape  on  Safe  Operating  Area  Limits  for  Power  Transistors,  by  David  L.  Black- 
bum,  continues  to  be  available.  Address  requests  to  the  author,  Room  B310,  Technology 
Building,  for  a copy  of  the  tape  and  NBS  Special  Publication  400-44  (issued  September 
1977),  the  videotape  script. 

Also  available  is  the  videotape  on  Laser  Scanning  of  Active  Semiconductor  Devices.  Con- 
tact David  W.  Beming,  Room  B310,  Technology  Building,  concerning  a copy  of  the  video- 
tape and  NBS  Special  Publication  400-27  (issued  February  1976). 
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PROGRESS  REPORTS 


Comprehensive  progress  reports  covering  the  period  July  1,  1968  through  June  30,  1973 
were  published  as  NBS  Technical  Notes  with  the  title,  Methods  of  Measurement  for  Semi- 
conductor Materials,  Process  Control,  and  Devices: 


QUARTER  ENDING 

NBS  TECHNICAL  NOTE 

DATE  ISSUED 

September  30,  1968 

472 

Dec  1968 

December  31,  1968 

475 

Feb  1969 

March  31,  1969 

488 

Jul  1969 

June  30,  1969 

495 

Sep  1969 

September  30,  1969 

520 

Mar  1970 

December  31,  1969 

527 

May  1970 

March  31,  1970 

555 

Sep  1970 

June  30,  1970 

560 

Nov  1970 

September  30,  1970 

571 

Apr  1971 

December  31,  1970 

592 

Aug  1971 

March  31,  1971 

598 

Oct  1971 

June  30,  1971 

702 

Nov  1971 

September  30,  1971 

717 

Apr  1972 

December  31,  1971 

727 

Jun  1972 

March  31,  1972 

733 

Sep  1972 

June  30,  1972 

743 

Dec  1972 

September  30,  1972 

754 

Mar  1973 

December  31,  1972 

773 

Jun  1973 

March  31,  1973 

788 

Aug  1973 

June  30,  1973 

806 

Nov  1973 

Between  July  1,  1973  and  September  30,  1977,  comprehensive  progress  reports  were  issued 

in  the  NBS  Special  Publication  400-  subseries  with  the  title,  Semiconductor  Measurement 

Technology: 

QUARTER  ENDING 

NBS  SPECIAL  PUBLICATION 

DATE  ISSUED 

September  30,  1973 

400-1 

Mar  1974 

December  31,  1973 

400-4 

Nov  1974 

March  31,  1974 

June  30,  1974 

400-8 

Feb  1975 

September  30,  1974 

400-12 

May  1975 

December  31,  1974 

400-17 

Nov  1975 

March  31,  1975 

400-19 

Apr  1976 

June  30,  1975 

September  30,  1975 

400-25 

Oct  1976 

December  31,  1975 


QUARTER  ENDING 


NBS  SPECIAL  PUBLICATION 


DATE  ISSUED 


March  31,  1976 

400-29 

Apr  1977 

June  30,  1976 

September  30,  1976 

400-36 

Jul  1978 

December  31,  1976 

400-38 

Nov  1979 

March  31,  1977 

June  30,  1977 

400-45 

Aug  1980 

September  30,  1977 

After  October  1,  1977,  brief  progress  reports  were  issued  as 
conductor  Technology  Program,  Progress  Briefs: 

NBSXRs  with  the  title,  Semi- 

QUARTER  ENDING 

NBSXR 

DATE  ISSUED 

December  31,  1977 

78-1444 

Mar  1978 

March  31,  1978 

78-1444-2 

Jul  1978 

June  30,  1978 

78-1444-3 

Oct  1978 

September  30,  1978 

79-1591 

Jan  1979 

December  31,  1978 

79-1591-2 

Mar  1979 

March  31,  1979 

79-1591-3 

Jun  1979 

June  30,  1979 

79-1591-4 

Aug  1979 

September  30,  1979 

79-1591-5 

Dec  1979 

December  31,  1979 

80-2006 

Apr  1980 

March  31,  1980 

80-2006-2 

Jun  1980 

June  30,  1980 

80-2006-3 

Oct  1980 

September  30,  1980 

80-2006-4 

Dec  1980 

December  31,  1980 

81-2230 

Mar  1981 

March  31,  1981 

81-2230-2 

Jul  1981 

June  30,  1981 

81-2230-3 

Oct  1981 

July  1,  1981 

83-2636 

Jan  1983 

September  30,  1982 

The  Center  for  Electronics  and  Electrical  Engineering  Technical  Progress  Bulletins  (TPB), 

which  appeared  after  October  1, 1982, 

contain  abstracts  of  recent  publications,  and  of  those 

to  be  published,  covering  work  of  the  Semiconductor  Technology  Program  as  well  as  that 
of  the  Signals  and  Systems  Metrology  Program. 

QUARTER  ENDING 

NBSXR 

DATE  ISSUED 

December  31,  1982 

83-2719-3 

Jul  1983 

March  31,  1983 

84-2857-1 

Mar  1984 

June  30,  1983 

84-2857-2 

Apr  1984 

September  30,  1983 

84-2857-3 

Apr  1984 

December  31,  1983 

84-2857-4 

Apr  1984 

March  31,  1984 

84-2877-1 

May  1984 
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QUARTER  ENDING 


NBSIR 


DATE  ISSUED 


June  30,  1984 

84-2877-2 

Jul  1984 

September  30,  1984 

84-2877-3 

Dec  1984 

December  31,  1984 

85-3181 

Jun  1985 

March  31,  1985 

85-3181-2 

Aug  1985 

June  30,  1985 

85-3181-3 

Dec  1985 

September  30,  1985 

86-3344 

Mar  1986 

December  30,  1985 

86-3344-2 

Jun  1986 

March  31,  1986 

86-3449 

Sep  1986 

Publications  for  the  Year  1986 


1.  Baghdadi,  A.,  Measurement  of  the  Oxygen  and  Carbon  Content  of  Silicon  Wafers  by 
Fourier  Transform  Spectrophotometry,  American  Chemical  Society  Symposium  Series 
295,  Inorganic  Materials  Characterization,  L.A.  Casper,  Ed.,  pp.  208-229  (1986). 

2.  Baghdadi,  A.,  Gladden,  W.  K.,  and  Flach,  D.  R.,  Nonlinear’  Effects  of  Digitizer  Errors 
in  FT-IR  Spectroscopy,  Appl.  Spectrosc.  40  (5),  617-628  (1986). 

3.  Bennett,  H.  S.,  Band  Structure  and  Density  of  States  Changes  in  Heavily  Doped 
Silicon,  J.  Appl.  Phys.  59  (8),  2837-2844  (1986). 

4.  Bennett,  H.  S.,  High  Dopant  and  Carrier  Concentration  Effects  in  Gallium  Arsenide: 
Band  Structure  and  Effective  Intrinsic  Carrier  Concentrations,  J.  Appl.  Phys.  60  (8), 
2866-2874  (1986). 

5.  Bennett,  H.  S.,  Device  Physics  for  Modeling  GaAs  Bipolar  Transistors,  Proc.  SRC 
Conference  on  Bipolar  Device  Technology,  Tempe,  AZ,  Apr.  24-25,  1986,  Paper  H.17, 
S.A.  Abbas,  Ed.,  (1986). 

6.  Bennett,  H.  S.,  Gaitan,  M.,  Roitman,  P.,  Russell,  T.  J.,  and  Suehle,  J.  S.,  Mod- 
eling MOS  Capacitors  to  Extract  Si-Si02  Interface  Trap  Densities  in  the  Presence 
of  Arbitrary  Silicon  Doping  Profiles,  IEEE  Trans.  Electron  Devices  ED-33,  759-765 
(1986). 

7.  Berning,  D.  W.,  and  Blackburn,  D.  L.,  Power  MOSFET  Failure  During  Turn-Off:  The 
Effect  of  Forward  Biasing  the  Drain-Source  Diode,  Conf.  Proc.  1986  IEEE  Industrial 
Applications  Society  Annual  Meeting,  Denver,  CO,  Sept.  25-Oct.  3, 1986,  pp.  335-339 
(1986). 

8.  Bullis,  W.  M.,  Watanabe,  M.,  Baghdadi,  A.,  Yue-zhen,  L.,  Scace,  R.  I.,  Series,  R.  W., 
and  Stallhofer,  P.,  Calibration  of  Infrared  Absorption  Measurements  of  Interstitial 
Oxygen  Concentration  in  Silicon,  Proc.  Electrochemical  Society  Silicon  Symposium, 
Boston,  MA,  May  4-9,  1986,  86-1,  p.  196  (1986). 

9.  Candela,  G.  A.,  Chandler-Horowitz,  D.,  Novotny,  D.  B.,  Vorburger,  T.,  and  Giauque, 
G.  H.,  Film  Thickness  and  Refractive  Index  Standard  Reference  Material  Calibrated 
by  Ellipsometry  and  Profilometry,  Proc.  Soc.  Photo-Optical  Instrum.  Engrs.,  661, 
Optical  Testing  & Metrology,  402-407  (1986). 

10.  Chandler-Horowitz,  D.,  Semiconductor  Measurement  Technology:  Analytic  Analysis 
of  Ellipsometric  Errors,  NBS  Spec.  Publ.  400-78  (1986). 

11.  Cresswell,  M.  W.,  Coleman,  E.  S.,  Pessall,  N.,  Linholm,  L.  W.,  and  Radack,  D.  J., 
An  Expert  System  Approach  to  Enhanced  VLSI/VHSXC  Process  Development,  1986 
Government  Microcircuit  Applications  Conf.  Digest  of  Papers,  San  Diego,  CA,  Nov. 


11-13,  1986,  pp.  391-392  (1986). 

12.  Cresswell,  M.  W.,  Pessall,  N.,  Linholm,  L.  W.,  and  Radack,  D.  J.,  The  Use  of  Artificial 
Intelligence  and  Microelectronic  Test  Structures  for  Evaluation  and  Yield  Enhance- 
ment of  Microelectronic  Interconnect  Systems,  Proc.  Third  Int.  IEEE  VLSI  Multilevel 
Interconnection  Conf.,  Santa  Clara,  CA,  June  9-11,  1986,  pp.  331-340  (1986). 

13.  Dodge,  M.,  Refractive  Index.  CRC  Handbook  of  Laser  Science  and  Technology,  Opti- 
cal Materials,  Part  2,  Vol.  IV,  M.  J.  Weber,  Ed.,  pp.  21-47  (CRC  Press,  Boca  Raton, 
FL,  1986). 

14.  Ellenwood,  C.  H.,  and  Mattis,  R.  L.,  Release  Notes  for  STAT2  Version  2.00A:  An 
Addendum  to  NBS  Special  Publication  400=75,  NBSIR  85-3292  (1986). 

15.  Hefner,  A.  R.,  and  Blackburn,  D.  L.,  Performance  Trade-Off  for  the  Insulated  Gate 
Bipolar  Transistor:  Buffer  Layer  Versus  Base  Lifetime  Reduction,  PESC  ’86  Record, 
17th  Annual  IEEE  Power  Electronics  Specialists  Conf.  Vancouver,  BC,  June  23,  1986, 
pp.  27-38  (1986). 

16.  Hefner,  A.  R.,  Blackburn,  D.  L.,  and  Galloway,  K.  F.,  The  Effect  of  Neutrons  on  the 
Characteristics  of  the  Insulated  Gate  Bipolar  Transistor  (IGBT),  IEEE  Trans.  Nucl. 
Sci.  NS-33,  1428-1434  (1986). 

17.  Larrabee,  R.  D.,  and  Bell,  M.  I.,  Nondestructive  Evaluation  Activities  in  the  Semi- 
conductor Materials  and  Processes  Division,  NBSIR  86-3495  (1986). 

18.  Lowney,  J.  R.,  Impurity  Bands  and  Band  Tailing  in  Moderately  Doped  Silicon,  J. 
Appl.  Phys.  59  (6),  2048-2053  (1986). 

19.  Lowney,  J.  R.,  Impurity  Bands  and  Band  Tailing  in  n-Type  GaAs,  J.  Appl.  Phys.  60 
(8),  2854-2859  (1986). 

20.  Ma,  Y.,  Stem,  E.  A.,  and  Bouldin,  C.  E.,  The  Structural  Unit  in  Icosahedral  MnAlSi 
and  MnAl,  Phys.  Rev.  Lett.  57  (13),  1611-1614  (1986). 

21.  Mattis,  R.  L.,  Release  Notes  for  STAT2  Version  1.7;  An  Addendum  to  NBS  Special 
Publication  400-75,  NBSIR  86-3333  (1986). 

22.  Mazer,  J.  A.,  and  Ehrstein,  J.  R.,  Effect  of  Sintering  on  the  Sheet  Resistance  Directly 
Under  an  Aluminum/ Silicon  Ohmic  Contact,  Proc.  Electrochemical  Society  Silicon 
Symposium,  Boston,  MA,  May  4-9,  1986,  86-1,  pp.  396-397  (1986). 

23.  Mountain,  D.  J.,  Russell,  T.  J.,  and  Galloway,  K.  F.,  Effect  of  Post- Oxidation  Anneal 
on  Electrical  Characterization  of  Thin  Oxides,  Proc.  Electrochemical  Society  Silicon 
Symposium,  Boston,  MA,  May  4-9,  1986,  86-1,  pp.  382-383  (1986). 

24.  Novotny,  D.  B.,  Measurement  of  the  Separation  Distance  in  Contact  and  Proximity 
Lithography,  J.  Electrochem.  Soc.  133,  2600-2605  (1986). 


1986 


25.  Nyyssonen,  D.,  Procedure  for  Calibration  of  Ferrite  Gaps  in  Magnetic  Tape  Heads 
Traceable  to  NBS  AR-Chromium  Optical  Linewidth  SRMs,  NBSIR  86-3306  (1986). 

26.  Nyyssonen,  D.,  Linewidth  Calibration  for  Bright-Chromium  Photomasks,  NBSIR  86- 
3357  (1986). 

27.  O’Keefe,  T.  W.,  Cresswell,  M.  W.,  Linholm,  L.  W.,  and  Radack,  D.  J.,  Evaluation  and 
Improvement  of  E-Beam  Exposure  Routines  by  Use  of  Microelectronic  Test  Structures, 
Ext.  Abs.  Digest  of  IEEE  VLSI  Workshop  on  Test  Structures,  Long  Beach,  CA,  Feb. 
17=18,  1986,  pp.  82-94  (1986). 

28 © Oettinger,  F©  F.,  Thermal  Characterization  of  Integrated  Circuits  - A Tutorial,  Proc. 
Semiconductor  Thermal  is  Temperature  Measurement  Symp.,  Scottsdale,  AZ,  Dec. 
9=11,  1986,  T2-1  - T2-4  (1986). 

29.  Postek,  M.  T„,  Electron  Detection  Modes  and  Their  Relation  to  Linewidth  Measure- 
ment in  the  Scanning  Electron  Microscope,  Proc.  44th  Annual  Meeting,  Electron 
Microscopy  Soc.  of  America,  Albuquerque,  NM,  Aug.  10-15,  1986,  pp.  646-649 
(1986). 

30.  Postek,  M.  T.,  and  Joy,  D.  C.,  Microelectronics  Dimensional  Metrology  in  the  Scan- 
ning Electron  Microscope,  Part  I (November  issue),  Solid  State  Technology,  145=150 
(1986). 

31.  Postek,  M.  T.,  and  Joy,  D.  G.,  Microelectronics  Dimensional  Metrology  in  the  Scan- 
ning Electron  Microscope,  Part  II  (December  issue),  Solid  State  Technology,  77-85 
(1986). 

32.  Pugh,  R.  D.,  Johnston,  A.  H.,  and  Galloway,  K.  F.,  Characteristics  of  the  Breakdown 
Voltage  of  Power  MOSFETs  After  Total  Dose  Irradiation,  IEEE  Trans.  Nucl.  Sci. 
NS-33,  1460-1464  (1986). 

33.  Radack,  D.  J.,  and  Linholm,  L.  W.,  The  Application  of  Microelectronic  Test  Structures 
for  Propagation  Delay,  Ext.  Abs.  Digest  IEEE  VLSI  Workshop  on  Test  Structures, 
Long  Beach,  CA,  Feb.  17-18,  1986,  pp.  191-207  (1986). 

34.  Roitman,  P.,  Suehle,  J.  S.,  Russell,  T.  J.,  and  Gait  an,  M.,  On  the  Measurement  of 
Capacitance  on  Wafers,  Ext.  Abs.  Digest  IEEE  VLSI  Workshop  on  Test  Structures, 
Long  Beach,  CA,  Feb.  17-18,  1986,  pp.  96-104  (1986). 

35.  Russell,  T.  J.,  Bennett,  H.  S.,  Gaitan,  M.,  Suehle,  J.  S.,  and  Roitman,  P.,  Correlation 
Between  CMOS  Transistor  and  Capacitor  Measurements  of  Interface  Trap  Spectra, 
IEEE  Trans.  Nucl.  Sci.  NS-33,  1228-1233  (1986). 

36.  Schafft,  H.  A.,  Grant,  T.,  Mandel,  J.,  and  Shott,  J.,  Report  on  an  Interlaboratory 
Electromigration  Experiment,  Ext.  Abs.  Digest  IEEE  VLSI  Workshop  on  Test  Struc- 
tures, Long  Beach,  CA,  Feb.  17-18,  1986,  pp.  306-325  (1986). 
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37.  Schafft,  H.  A.,  and  Saxena,  A.  N.,  Electromigration  Test  Methodology  and  Character- 
ization, Proc.  Third  IBM  Symp.  on  Electromigration,  Poughkeepsie,  NY,  Apr.  1-2. 
1985,  unpaged  (1986). 

38.  Singh,  G.,  Galloway,  K.  F.,  and  Russell,  T.  J„,  Radiation-Induced  Interface  Traps  in 
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discrete  device  72-8, -9,  74-7 

dislocation  78-12,  85-14 

dispersion  84-17,  86-13 

distortion,  81-5 

DLTS  79-27,  80-39,  81-28, 
82-19,-43,-44,  84-45 


90 


donor  81-3,  83-30 
impurity  82-22 

dopant  80-20,-39 
analysis  79-30 
concentration  74-4, -5 
density  76-3, 

77- 5,-40,-41,-42, 

78- 6,-35,-65,-66,-67, 

79- 32,  80-55,-56, 

81-34,-54,  83-17,  84-6, 
85-39 

depth  distribution  80-14 
effect  85-9,-10 
profile  74-4, -5,  75-15,  76-34, 
77-64,  78-6, 

79- 12,-14,-27,-37,-38, 

80- 5, -7, -58, 

81- 41,-57,  82-19, 

83-17,  84-18,  86-6 

dose 

control  77-31 
measurement  77-31 
rate  effect  81-30 

doubled  hermetic  enclosure  77-51 

drain, 

source  diode  86-7 
resistance  81-7 
voltage  80-5 

drift  velocity  85-39 

dry  oxidation  78-39 

dual  angle  of  incidence  85-12 


dye  laser  80-37 


e-beam  86-27 

energy  deposition  75-6, 

76- 20,  77-19 
evaporator  78-15 
induced  current  76-9,-10, 

77- 14,-39,  78-51, 

81- 44,  84-38 

lithography  78-13,  79-15,-17, 
83-44 

metallization  79-16 
edge 

detection  78-48,  82-25,-28 
location  77-32 

education  79-13 

effective  mass  79-32,  81-32 

efficiency  83-43 

electrical 

alignment  resistor 

78- 52,  79-46,-47 
characteristic  75-20,  86-23 
contact  62-1 

junction  83-4 
mask  alignment  77-49 
measurement  75-1,  77-11, 

78-32,-67,  79-19, 
80-31,-55,-56 
parameter  83-43 
property  80-34,  81-29, 

82- 3,-43 
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resistance  67-2 
test  structure  79-10,  80-13 
transmission  79-51 
transport  85-39 

electrochemistry  83-16 

electromigration  84-39,  85-36,-37, 
86-36,-37 

electron  72-3 

beam  75-6,-10,  76-20,  85-47 
density  83-4 

device  71-4,  78-36,  79-16, 
80-21,  81-7,-17, 

82-4,-13,-14 
escape  depth  78-21 
hole  pair  66-4 
irradiation  effect  81-30 
microscope  77-58 
mobility  77-40,-41,  83-11 
radiation  71-3 
spectroscopy  77-17 
tube  74-1,  78-36 
-gun  evaporator  76-24 

electronic 

bond  81-25 
circuit  79-3 
device  79-23,-24 
package  78-23,  81-45, 
82-34,-36 
reliability  77-54 
state  density  79-25 
stopping  85- 1,-2 
structure  79-1 

electronics  73-6,  74-3,  75-17,-19, 
77-9,-10,-11,-21,-38,-54, 


78-9,  79-9,-18,-31,  80-8, 
81-13,-14,-26,-39 

electrophoretic  decoration  77-34 

electrostatic  potential  83-4 

ellipsometric 

accuracy  82-7 
angle  82-7 

ellipsometry  80-17,-19,  81-17, 

83- 19,  84-25,  85-12 
86-9 

elliptic 

equation  80-59 
solver  82-46 

elongation  74-9 

ELS  79-1 

EMI  85-23 

emitter-only  switching  75-28 

end  contact  resistance  83-34, 

84- 31 

energy 

conservation  80-45 
conversion  80-53 
gap  78-42 

engineering  career  84-41 

environmental  testing  70-1 

epitaxial 

diffusion  74-10 
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growth  78-33,  80-33 
layer  76-6 
resistivity  77-8 
silicon  79-11 

epitaxy  75-5,  79-52,  83-36,  84-36 
EPR  79-11 

equilibrium  carrier  concentration 
84-7 

equipment  82=16 
error 

function  75=15 
source  72=7 

ESR  spectroscopy  84-16 
estimator  83=43 
etching  81-44 
EXAFS  85-38,  86-20,-39 
excess  carrier  lifetime  68-1 
exchange  energy  86-3 
exhaust  84=20 

experimental  technique  86-28 

expert  system  86-11,-12 

exposure  76-26,  77-44,  80-42, 
81-42 

control  76-26,  77-44 
modeling  80-42,  81-42 


fabrication  73-3 

technology  70-4,  71-6 

failure  73-5,  76-33,  85-11 
and  moisture  78-62 
mechanism  67-3,  79-50,-55 
mode  67=3,  76-33,  79-50 

fan©  factor  70-6 

fault  78-51 

detection  77-63,  81-31 

Federal  government  81-43 

Fermi  energy  82-21,-22 

Pick's  law  80-36 

field  effect  device  83-9,  85-6 

figure  of  merit  83-43 

filar  eyepiece  80-27,  82-17 
micrometer  82-17 

film  83-26 

thickness  76-26,  77-44 
substrate  model  86-10 

filter  84-20 

finite 

difference  technique  75-12 
element  80-58,  81-37, 
82-20,-46,-48, 

84- 3,-46,-47, 

85- 41,-42,-43,-44 
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flashlamp-pumped  laser  80-37 

flatband  voltage  85-17,-18,-46 

flip  chip  71-2,  73-2 

flying  spot  scanner  78-44,-45,-46 

focal  plane  detector  66-3 

foreign  competition  78-9,-10 

FORTRAN  program  86-10 

four  probe  64-2, -4, -5, =6,  67-1, 
68-11,  74-3,  77-8, 

83-12,  84-2, -8,  85-3 

Fourier  analysis  80-28,  84-1 
spectrum  80-28 
transform  85-5 
spectrophotometry  86-2 

Franck-Condon  shift  85-27 

free  carrier  absorption  86-1 

Fresnel  diffraction  86-24 

fringe  location  77-32 

front  contact  resistance  83-34 

FT-IR  81-1,  83-6, -7,  84-4,  85-5, 
86-1, -2, -17 

furnace 

anneal  82-19 
qualification  76-25 

fused  silica  77-43 


gain  85-9,-10 
gallium 

• arsenide  72-13,  78-12, 

81-21,  83-36, 

84- 19,-36,-40, 

85- 6, -7, -14, -16, -19 

86- 4, -5,  -17,  -19 
diffusion  74-10 
doped  silicon  80-18 
electrode  62-1 

gamma 

radiation  86-6,-38 
ray  71-6,86-32 
detector  70-6,  74-13,  75-21 

gapwidth  86-25 

gas 

analysis  74-12 
infusion  of  leaks  77-51 

gate 

length  84-22 
oxide  film  76-24 

gated 

diode  79-10,-34,  80-13, 
81-18,-38 

electrometer  79-10, 
80-11,-13,  81-18,-20 

Gaussian  diffusion  75-15,  77-42 

GEMFET  86-16 
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general  purpose  PDE  software 

81-8 

generation 

current  83-31 

lifetime  79=10,  80-11,  81-38 

germanium  64*1,  67-2, 

68-3, -7, -11,  69-1, -5, 

70- 4, -5, -6, -7, 

71- 6, -7,-8, -9,  72-10, 

74-13,  75-21,  81-37 

(lithium-drifted)  detector 
74-13,  75-21 

glass  passivation  film  77-35 

gold  74-8 

acceptor  78-27,-28 
donor  78-27 

doped  silicon  72-13,  73-9,  76-5 

government 

facility  81-43 
laboratory  84-41 

gradient  voltage  84-30,  85-25 

graphite  contact  62-2 

gray  level  79-60 

G-V  78-31 


Hall 

coefficient  81-33 


effect  70-2,  78-32,-33,  79-11, 

80- 31,-33,-34,-54, 

81- 29,-54 
factor  81-33 
mobility  81-32,-33 

halogen  82-12 

hardness  assurance  76-21,  77-20 

heavily  doped 
semiconductor 

81- 37 

silicon  84-6, -7 

heavy  doping  83-9,-10,-11, 
84-29,-30,  85-8,-25 

helium  leak 

detector  82-35 
test  74-12 

hermetic  test  81-45,  82-34,-36 

hermeticity  74-11,-12,  76-33, 
77-50,-51,-52, 

79- 23,-24,-53,-58, 

80- 25,-48,-49, 

82- 9,-11,-15,-35, 

83- 45,  84-32 

test  standards  77-50,-52 
heterostructure  85-6 
high 

carrier  concentration  86-4 
concentration  effect  86-5 
current  switch  78-56 
detection  sensitivity  77-63 


95 


frequency  probe  73-8, 

75-8,-17 
reliability  73-4 
resolution  stage  77-66 
speed  power  switching 
83-20,-21 
voltage  81-4 
bias  supply  77-37 
measurement  76-11,  77-37 
sweep  77-37 
switch  78-56 

high  dopant  concentration  86-4 

hole  density  81-32,  83-4 
effective  mass  81-34 
mobility  78-35,  79-32,  81-34, 
83-9,-11 

homogeneity  78-4,  79-5 

hot 

carrier  66-5,  69-4 
bias  stress  85-45 
/cold  wafer  chuck  79-28,-29 
photoluminescence  85-19 
spot  71-5,  72-5,  74-1, 

75- 2,-18,-20, 

76- 2,-14,-27,-28,-29,-30, 

77- 2, -4, -48,  84-26 

Huang- Rhys  factor  85-27 

hybrid  79-23,-24 

circuit  74-7,  82-35 
device  77-56 
microcircuit  80-48,-49 
package  80-25,  84-32 


hydrogen  79-35 
chloride  77-61 

hydroxyl  79-35 


IC  83-24 

device  86-28 
fabrication  80-21 
inspection  81-58,  82-50 
linewidth  measurement  76-36, 

77- 46,  78-47 
package  86-28 
passivation  overcoat  77-12 
photomask  76-36,  77-45, 

78- 48,  82-10 

processing  78-59,  81-44,  84-38 
quality  control  77-34 
test  structure  82-51,  83-40, 
85-28 

transistor  75-8 
icosahedral  86-20 
IGBT  86-15 
IGT  86-16 

image  resolution  77-62 

imaging  contrast  80-47 

MMA  79-30 

impact  noise  78-23 

impedance  79-60,  81-5 
transformer  79-60 
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implant  82-2 

profiling  78-70,  80-61 

implantation 
angle  77=64 
measurement  78-24 

implanted  impurity  80-40 

impurity  72-11,-12,  77-15, 

80-9,-20,  81-3, 
83-23,-27,-30 
analysis  79-30 
band  83-27,86-18,-19 
characterization  71-8 
defect  72-10 
distribution  79-18 
level  81-37,82-20 
mode  85-15 
pair  82-20 
profile  76-22,  83-17 

indium 

doped  silicon  78-33,  80-33,  82- 
39 

phosphide  78-12 

inductive  load  79-3 

infrared  71-9,  81-1,  83-5,  84-17 
86-13 

absorption  70-7,  72-10,-11, 
83-23,  84-5,  86-1 
measurement  86-8 
reflectance  80-16 
response  74-13,  75-21 
spectrophotometry  84-4 
spectrum  85-15 


temperature  measurement 
82-3 

inhomogeneity  64-6,  68-10 

instrument  68-11 

instrumentation  77-24,  78-31, 
80-37 

insulator  film  76-22,  77-12 

integrated 

circuit  69-2,  70=1, 

72-8,  73-1, -4, -7, -8, 

74- 2, -7, -11, -12, 

75- 6, -7, -19, 

76=8,-15,-32, 

77- 6, -9, -15, -18, -27, 
-49,-52,-65, 

78- 5,-10,-13,-37,-52, 

79- 8, -9, -15, -31, 

80- 6, -9, -10, -12, -27, -62, 

81- 9,-10,-11,-13,-14, 
-17,-35,-36,-47, 

82- 5,-17,-31,-32,-40,-51, 

83- 28,-39,  84-2,-28,-37, 

85- 21,-22,-23,-24,-33, 
-34,-36,-37 

86- 11,-12,-27,-33,-36 
contact  86-22 
injection  logic  75-16 

test  structure  80-13,  81-18 

interactive  graphics  82-46,  84-46 
interband  scattering  85-40 
interconnect  86-11,-12,-27 
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interconnection  81-39,  82-32,-39, 

85- 21,-22,-37 

interface  76-12 

characteristic  76-22 

damage  85-45 

state  79-42,  82-33,  85-45 

86- 35,-39,-40 

trap  84-21,-23,  86-6,-38 
spectra  86-35 

trapped  charge  82-47,  83-42 

interfacial 

boundary  75-12 
contact  resistance  83-35 

interferogram  81-1 

interferometer  system  77-32 

interlaboratory  comparison  75-17, 

77-60,  78-17,-18,-64 

intermetallic  formation  82-13,-14 

international  collaboration  86-8 

international 

standards  80-52 
standardization  83-8 

intrachip  variation  83-18, 

84-14,-15 

intrawafer  variation  83-18, 
84-14,-15 

inverter  83-18,  84-14,-15 
chain  85-33 


ion 

beam  current  78-24 
etching  76-37 
lithography  80-21 
scanning  77-31,  78-71 
channeling  78-71,  79-37,-38, 
80-14,  81-41,-44,-57, 

84-38 

dose  measurement  81-57 
fluenee  80-60 
implantation  76-38, 

77- 5,-31,-64, 

78- 13,-24,-30,-41,-42, 
-43,-71, 

79- 15,-27,-37,-38, 

80- 14,-39,-40,-41, 

81- 22,-41,-57, 

82- 19,-49, 

84- 11,-18,-38, 

85- 1, -2, -26 
knock-on  78-21 
microprobe  mass  spectrometry 

77-15 

sputtering  76-17,-18,  77-33, 

79- 56,-57 

ionized  impurity  scattering  77-41 

ionizing  83-13 

radiation  75-6,  76-20, 
77-19,-20,  79-4,-16, 

80- 23,  82-4,  84-23 

86- 32 

total  dose  83-28 

irradiance  measurement  76-26, 
77-44 
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irradiation  68-5,' -6,  84-21 

isoeleetronie  82-39 

isotope  79-36 

shift  78-42,  80-20 

I-V  characteristic  84-23, 
85-17,-18, -46 


junction 

capacitance  84-30 
structure  82-2 
temperature  77-2,  79-45, 
82-29,  84-35,  85-32 
termination  83-13 

K 

Kelvin  measurement  83-34,  85-28 
kinetic  equation  80-3 
Klrkendall  void  74-8 
Klauder  self-energy  method  86-3 

L 

laboratory 

accreditation  80-53 
surface  84-20 

Laplace  equation  83-1, -2 

large  scale  integration  79-31 


laser  66-6 

ablation  82-24 
annealing  80-40,  81-22 
application  79-39 
illumination  78-47 
interferometer  77-58 
scanning  75-20, 

76- 28,-29,-30,-31, 

77- 53,-54,-55, 

78- 54,-55,  79-48,-49, 

80- 50,-51, 

81- 27,-31,-46,  84-27 

lateral 

inhomogeneity  78-11 
profile  84-38 

lattice 

damage  78-72 
mobility  77-40 
relaxation  85-27 
scattering  77-41 

layer  thickness  82-1 

leak 

detection  77-50,-51 
rate  78-62 
to  reliability  78-62 
testing  76-33,  77-56,  79-53, 
80-48,-49,  81-45, 

82- 34,-35,-36 

leakage  current  78-27,  79-10, 
80-11,-13,  81-38 
86-40,-41 

least  squares  84-7 
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lifetime  66-1,  75-13,  78-40,  81-28, 

82-44,  83-10,-29,-31, 
84-6,-45,  85-8,  86-15 
radiation  86-16 

lightning  arrester  79-51 

line 

edge  detection  76-35 
location  77-45,-46 
image  profile  77-45 
spacing  82-10,-18 

linear  calibration  curve  82-10 

linewidth  77-6,  78-7, 

80-6,-28,-43,-44, 

82- 5, -6,-10, -17, -26, 

83- 44,  84-48,  85-24 
86-25,-28,-42 

calibration  standards  77-60, 
78-64,  82-18 

measurement  76-15,-19,-35, 

77- 32,-45,-48,-58,-59,-60, 

78- 63,-64,79-40, 

80-27,-28, 

82-17,-18,-25,-27,-28, 

84- 33,-34, 

85- 20,-29,-30,-31,-51,-52 

86- 26,-30,-31 
microscopy  77-59,  78-63 
system  78-48 

resistivity  86-17 

liquid  nitrogen  67-2 

lithium  66-1,  69-5,  70-4 ,-5,-6, 
71-6, -7, -8,  72-11,-12 


drift  mobility  68-4 
drifted  detector  69-5 

lithography  82-51,  85-24,  86-24 

local 

mode  85-15 
slope  80-2,  83-1, -2 

logic 

flow  observation  76-31 
identification  77-55 
simulation  81-10,-11 

long  channel  MOSFET  84-11 

low 

accelerating  voltage  86-30,-31 
energy  electron  probe  78-11 
temperature  processing  78-28 

LSI  testing  76-28,-31,  77-55 
M 

magnesium  fluoride  84-17 
magnetic 

package  lead  81-5 
pickup  71-2,  73-2 
tape  head  86-25 

many-body 

effects  86-19 
interaction  86-3, -4, -5 

mask  alignment  tolerance  80-24 

mass  spectrometer  measurement 
82-9 
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material  83-45 

transport  79=18 

materials 

characterization  68=4, 

78=28,  79-19,  80-8, -9, 

81- 14 

parameter  81-12,-40 
property  81-16 
signature  80-47 

mean  energy  66-4 

measurement  66-4,  68-2,  72-1, 

77-16,  79-1,  80-46, 
84-22,-43,-44,  85-35 
assurance  82-10 
development  77-53 
error  72-7,77-66 
interference  79-42 
mixer  77-54 
problem  68-2 

technology  70-1,  71-5,  72-5, 

75-19,  76-2, -4, -5, -9,-32, 

77- 10,-18,-48,-56, 

78- 2, -4, -10,  79-45,-53, 

80-8,-29,-30,  81-46, 

82- 39,  83-24,  84-27 
uncertainty  80-29,  86-10 

mechanical  scanning  79-44 

mechanism  77-29 

memory  79-31 

metal 

evaporation  76-24,  78-15 
-nitrogen-oxide  77-33 


-semiconductor  contact  83-40 

metallization  73-4,  76-24,  77-25, 

78- 15,-34,-53,-54,-55, 

79- 48,-49,  80-51, 

84-39,  85-21,-36,-37 

86-36,-37 

metallurgical  junction  83-4 

metallurgy  of  wire  74-9 

metrology  78-40,  80-43,-44, 

81- 13,-14,-15,  82-26, 

86-29,-30,-31 

microcircuit  70-1 
device  78-23 
processing  68-2 

microdensitometry  78-44,-45,-46, 

79-39 

microdot  reference  specimen 

79-30 

microelectronic 

device  76-20,-24,  77-14,  78-15, 

82- 51 

interconnection  71-2,  73-2 
material  69-2 
package  82-35 
test  structure  83-34 

microelectronics  72-8, -9, 

73-3, -7, -8,  75-7,-22, 

76- 3, -6, -9, -10, -13, -32, 

77- 7,-10,-27,-28,-39,-43, 

78- 17,-18,-40,-65, 
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79-9,-13,-16,  80-8,-25,-27, 

81- 13,-35,-36,-38,-39,-40, 
-43, 

82- 5, -6,  -11,  -15,  -31, 
-32,-40,-52, 

83- 25,-39,84-37,-39,-48, 

85- 21,-22,-23,-34,-37 

86- 23,-27,-33,-37 

microfatigue  test  82-13,-14 

microlithography  79-39,-40, 

82-25,-27,-28,  84-33,-34, 
85-29,  86-26 

micrometrology  75-7,  76-19, 

79- 39,-40,  80-27,-43,-44, 

81- 14,  82-17,-18,-26, 
85-20,-30,-31 

microprocessor  79-31 

microscope  77-47,  79-43 

microscopy  77-45,-46,  77-62, 
78-68,  79-69, 

80- 43,-44,-47, 

82- 25,-26,-27,-28, 

84- 33,-34, 

85- 20,-29,-30,-31 
85-26 

microwave  70-3 
frequency  76-39 
mixer  diode  76-21,  80-29 


minority 

carrier  84-6 
current  84-7 
lifetime  83-31 
mobility  83-10 

MIS 

capacitor  77-21 
structure  77-23,-25,  78-31 

MNOS  structure  76-17,-18 

mobile  ion  77-61,  78-39,  79-4,-42 

mobility  69-5,  70-5,  71-7, -8, 
78-67,  80-34,-55,-56, 

81-29,  84-5, 

85- 8,-17,-18,-39,-46 

MO-CYD  83-36,84-36 
model  calculation  81-27 

modeling  80-35,-59,  85-35,-44 

86- 15,-30,-31 

modified  MIS  measurement  76-11 

modular  test  program  80-24 

modulation  80-29 

moisture  81-50,  82-9,  83-45,  84-32 
content  81-50,  82-9 
generator  81-50 
infusion  78-62,  79-58 
measurement  80-26 
sensor  84-32 
stress  test  78-62 


minicomputer  84-10 
minimum  sample  83-43 
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molecular 

beam  epitaxy  85-19 
structure  83-10 

momentum  conservation  85-40 

Monte  Carlo  method  83-3, 

85-1, -2, -6,-40 

MOS  77-43,  81-51,  84-23 
capacitor  75-3,  86-6 

76-4, -5,  78-28,-51, 

79-4,-42 

device  78-39,  79-4,-17,  81-26 
structure  76-17,-18,  78-38 

MOS-CV  86-35 

MOSFET  77-5,  80-5, -7]  81-7, 

82- 4,-33,-47,-48, 

83- 13,-41,  84-11,-22,-23, 

85- 17,-18,-35,-44,-40 

86- 32,-38,-40,-41 

dc  profiler  79-10,  81-18,-20, 
83-17 

model  85-41,-42,-43 
structure  78-22,  79-25 
transistor  82-46,  84-11,-46,-47, 
85-41,-42,-43 

multigrid  method  82-20 

multilayer  analysis  80-2,  83-1, -2 

multilevel  interconnect  86-11,-12 

multilevel  iteration  80-59 

multiple 

reflection  75-5,  83-6, -7,  84-5 


scattering  83-27 
N 

NAND  gate  83-18,  84-14,-15 

NBS  photomask  standards  86-25 

neutral  trap  82-33 

neutron  72-3,  76-21,  86-16 
activation  analysis  80-54 
radiation  effect  81-7 
transmutation  doping  80-38 

nomograph  70-4 

nondestructive 
bond  pull  74-9 
evaluation  86-17 
measurement  79-6,  82-3, 

84-27 

testing  71-5,  72-1, -5,  75-20, 
86-7 

76- 13,-28,-29,-30,-31, 

77- 4,-28,-48,-50,-55, 

78- 3,  79-5,-23,-24, 
80-4,-50,  81-25,  82-13,-14, 
83-20,-21,  84-9,  85-11 

nonlinear 

equation  82-48 
region  mapping  77-55 
resistor  79-51 

nonlinearity  86-2 

measurement  75-20,  76-30 

nonuniform  structure  83-12 
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NTD  84-28 
silicon  84-24 

n-ehannel  power  MOSFET  86-38 
n-type  silicon  77-40,-41 
nuclear 

detector  66-1,  69-5,  71-7 
radiation  68-5, -6,  70-6 
track  technique  78-66 

numerical 

analysis  77-13 

method  81-8,  83-14,-15,  84-10 
simulation  80-58 


off-contact  separation  86-24 
ohmic  contact  78-53,  86-22 
oil  fumes  84-20 
on-chip  signal  processing  80-11 
one-body  interaction  86-3 
optical 

absorption  74-6, 

83-22,-23,  84-19,  85-7 
data  84-7 

coherent  illumination  76-35 
filtration  76-35 
imaging  80-43,-44,  82-26 
linewidth  measurement  76-15 
material  84-17,  86-13 


metrology  82-5,-25,-27,-28, 
84-33,  85-29,  86-26 
microscopy  77-32,-58,-59,-60, 

78- 63,-64,  79-39,-40, 
82-5,-17,-18 

overlay  78-44,-45,-46 
property  81-23,  82-39,  85-19 
reflectance  78-72,-73,  80-16 
scanning  78-53,  80-50 
microscope  78-47 
spectra  80-20,  81-22 

optics  77-54 

oriented  crystal  silicon  77-17 

oscillator  70-3 

outlier  82-23,  83-32,-33,  86-14,-21 

output  signal  76-23 

oxidation  78-34,  79-52 
ambient  control  78-39 
atmosphere  78-38 
furnace  77-43 
kinetics  79-26 
of  silicon  78-59 

oxide 

characteristics  86-23 
film  of  GaAs  79-21 
growth  78-39 

humistor  characteristics  80-26 
kinetics  79-25 
layer  80-21 
moisture  sensor  79-58 
/semiconductor  interface 

79- 21 
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thickness  78-25 
trapped  charge  82-47 
uniformity  78-11 

oxygen  70-5,  84-5,  86-1 
adsorption  77-30 
content  84-4 
in  germanium  70-7 
in  silicon  70-7,  86-8 


package  internal  moisture  80-26 

packaging  83-45 

parameter 

control  77-7 
extraction  85-17,-18,-46 
measurement  84-37,  85-22,-34 

parametric  tester  81-9,-12 

parasitic 

element  75-8 
path  83-9 

partial  differential  equation 
82-48, 

85-40,-41,-42,-43,-45 
partially  coherent  imaging  79-39 
passivation  77-35,-61,  84-39 
Penrose  tiling  85-38,  86-20,-39 
performance  criteria  78-57,  80-15 
phase  imaging  77-1 


phonon  85-19 

phosphorus 

concentration  80-54 
contact  doping  83-35 
profile  78-25,-58 

photochemistry  80-3 

photoconductive  decay  68- 1,-7, 
72-4 

photoconductivity  66-11,  71-9, 
79-5 

variation  80-32 

photodetector  66-6 

photodiode  84-29 

photoemission  spectroscopy  77-57 

photolithography  74-11,  75-7, 
76-19,  77-49,  78-34, 

79- 52 

photoluminescence  66-11,  82-39, 
84-7 

photolysis  kinetics  80-42,  81-42 

photomask  75-7,  78-44,-45,-46, 

80- 10,-27,-28, 

82-5,-17,-18 

alignment  80-6 
calibration  86-26 
inspection  75-4 
linewidth  77-46 
standard  77-58,-59,  78-63 
performance  80-24 
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photometric  technique  80-54 

photon  intensity  80-3 

photoresist  77-44,  80-3,-42,  81-42 
sensitivity  76-26 

photoresistance  DLTS  84-40 

photoresponse  71-9 

photovoltage  72-6,  78-2 

photovoltaic 
cell  81-27 
effect  72-6,  78-4 
energy  79-54,  80-30 
method  72-1,  77-3,  78-49, 

80-32 

module  80-46,  81-53,  82-42 

power  80-15 

wafer  scanner  78-29 

photovoltaics  77-53,  78-57, 

79- 50,-55, 

80- 15,-30,-46,-53, 

81- 31,-46,-49,-52,-53, 

82- 16,-38,-41,-42 

physical 

specifications  81-48, 

82-37 

standards  81-16 
FIND  78-23 
planar 

bipolar  transistor  78-25 
channeling  76-38 
enhanced  deposition  84-36 


technique  83-36 
etching  78-13,  79-15 
production,  heating  82-24 
silicon  technology  76-23 
test  structure  76-7 

platinum  83-37,-38 
doped  silicon  82-43 

PMOS  shift  register  76-31 

p-n  junction  73-1,  75-3, 

76- 4, -5, -9, -10, 

77- 39,-42 

isolation  78-33,  80-33 

polished  silicon  surface  78-72 

polymer  83-26,  86-41 

/substrate/solvent  84-25 

polysilicon  film  80-14,-19 

polystyrene/silica  adsorption 
84-25 

porous  graphite  contact  63-1 

post-oxidation  annealing  86-23 

potential  profiling  81-21 

power  75-1,  83-13 
circuit  86-7 

conditioning  78-57,  79-54 
control  78-57 
cycling  74-8 

device  grade  silicon  77-3, 

78- 49,  79-41,  80-45, 

81-28,  82-44,  84-45 
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material  80=38 
dissipation  84-3 
MOSFET  82-3,  85-11,  86-7 
semiconductor  78-2, -4, -26, 

79-5,  81-4,  84-28,  86-15 
switching  78-3 
system  79-54 
thyristor  78-26,-29 
transistor  66-7,  71-5, 

72-5,  74-1,  75-2, 
76-2,-14,-27,  77-4,-48, 
79-6,-45,  80-4,  81-6, -7, 
82-3, -4,  83-20,-21, 

84- 9,-26,  86-15 

predeposition  78-41 

principal  angle  of  incidence 
82-7, -8,  84-12 

probe 

card  78-37 

current  density  82-1,  84-8, 

85- 3 

pad  78-37,  79-7 
radius  84-2,  85-3 
separation  84-2,  85-3 
spacing  82-2,  84-8 
station  81-19 

probing  78-37 

process 

characterization  81-40 
control  74-11,  75-3,-19,-22, 
76-32,  77-10,-56,  78-8, 

79- 2, -8,  -33, -53, 

80- 6,-12,-24, 


81- 10,-11,-19,-36, 

82- 6,-40,  84-48 
metrology  79-33 
modeling  80-36,  82-21,  84-47 
parameter  81-40,  84-43,-44 
sensitivity  84-47 
uniformity  76-6,  77-7 
validation  wafer  76-6,  78-5, 

79-34,  81-35,-36, 

82- 23,-40,  83-32,-33 

86-14,-21 

processing  79-20 
technology  79-52 

product  certification  80-53 

profile  analysis  83-4,  84-2 

profiling  technique  77-11,  80-5, 

83- 17 

propagation  delay  83-28,  85-33, 

86-33 

proton  72-3 

irradiation  68-5, -6 

proximity 

correction  83-44,  85-47 
effect  83-44,  85-47 
lithography  86-24 

p-type  silicon  78-35,  79-32,  80-18, 

81-33,-34 

pull 

rate  76-1 
strength  76-1 
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test  78-17,-18 
pulsed  laser  80-37 
pump  84-20 
purple  plague  74-8 

Q 

quadrant  detector  84-12 

quadraxial  configuration  80-37 

quality  assurance  78-72, 

81-49,-50,  82-9,-10,-38, 
84-32,  85-14 

quantum  efficiency  84-29 
quasi 

-crystal  85-38,  86-20,-39 
-static  C-V  80-6 


radiation  66-2,  70-4, -5,  83-13 
86-35 

absorbed  dose  80-21 
damage  68-5, -6,  72-12,  75-10, 

78- 13,-14,  79-15,-10,-17, 

80- 21,-38,  86-32 
detector  69-5,  71-8, -7, -8 
dose  76-24,  77-19,-20,  78-15, 

79- 16 

effect  72-3,  75-10,  76-8,  79-4, 

81- 7,  82-4,-47,  83-28, 
84-21,-23,-48,  86-38 


hardening  86-32 
hardness  76-8,-21,  78-13, 
79-15,  81-30,  82-4 
testing  77-19,-20 
upset  81-30 

radiative  decay  lifetime  66-11 

radioisotope 

leak  detection  77-52 
test  74-12 

Raman 

scattering  83-16,  86-42 
spectrum  85-15 

random 

equivalent  direction  79-37,-38 
fault  76-6,  77-7,  80-6, 
81-35,-39,-40 

rapid  solidification  86-20 

rapidly  cooled  material  85-38, 
86-39 

rate  constant  80-3 

RG  network  72-7 

recombination  72-6,  75-13,  83-31, 
84-6 

rectifier  78-56 

redistribution  problem  75-12 
reference 

cell  80-46,  81-52,  82-41 
material  81-15 
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reflectance  function  78-1 

reflected  illumination  78-47 

reflection  77-1 

acoustic  microscopy  78-1, 
79-59 

refractive  index  82-7,  83-19, 

84-12,-17,  85-12,  86-9,-13 

registration  error  75-4 

reliability  68-9,  72-8, -9,  73-7, 
74-7,-11, 

76- 2, -6, -27,  -32,-33, 

77- 7,-34,-53,-56, 

78- 5,-54,-55, 

79- 2,  -8, -49,  -50, -53,  -55, 
81-9,-50,  82-9, 

83- 20,-21,-25,-45, 

84- 32,-39,  85-36,-37 
86-36 

research  84-42 

resistivity  62-1,  64-1, -2, -4, -5, -6, 
67-1,  68-8, -9, -10, -11, 

89-1,  72-13,  73-9, 

74-3, -4,-5,  76-3, -7, 

77- 8,-16,-40,-41, 

78- 2, -4, -11, -35, -65,-66, -67, 

79- 12,-14,-19,-32, 

80- 1, -2, -9, -10, -18, -34, -54, 
-55,-56,  81-29,-32,-34,-54, 
83-1, -2,  84-2,  85-3,-13,-39 

gradient  72-1,  80-32 
inhomogeneity  69-1 
nonuniformity  78-29 


profiling  79-12,-14,  83-29 
variation  77-3,  78-49, 
79-5,-41,  80-32,-45 

resolution  of  forces  76-1 

resonance 

conversion  86-7 
fluorescence  76-25 
ionization  spectroscopy  82-24 

resonant  converter  86-7 

return  loss  80-29 

reverse 

base  current  80-4,  81-6 
bias  78-3,  79-3, -6,  81-4, -6, 
83-20,-21,  84-9 

review  67-4,  68-8,  86-1 

ribbon  wire  73-3 

ring  oscillator  83-18,  84-14,-15, 
85-33,  86-33 

rotating  analyzer  82-8 

round  robin  67-1 

Rutherford  hackscattering  78-71 


safe  operating  area  71-5,  72-5, 
75-1,  76-2,-14,-27, 

77-2, -4, -48,  78-3, 

79-3,  84-26,  85-11 
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sampling  strategy  84-43,-44 

Sandia  bridge  73-6 

sapphire  75-5 
surface  78-73 

saturation 
effect  80-3 
voltage  77-38 

scaling  83-41 

scanning 

acoustic  microscopy 
77-63,  77-65,  78-1, 

79-60,  81-58,  82-50 
electron  microscopy,  see  SEM 
light  spot  80-35 
microscopy  82-27,  84-33,-34, 

85- 20,-29,-30,-31 

86- 26 

photometric  microscopy  77-66 

scattering  73-6,  85- 1,-2 
chamber  66-2 
mechanism  77-40,  78-35, 
79-32,  81-33,-34 
parameter  75-17 
spectrometer  66-3 
theory  83-27 

Schottky 

barrier  76-38 

diode  76-21,  80-29,-58,  82-49 
Schwinger  formulation  81-2 
screen  73-5 


screened  Coulomb  potential  81-2 

seal  74-12 

second 

Bom  approximation  83-30 
breakdown  62-3, -4,  65-1, 

66-7, -8, -9, -10,  67-3, -4, 

68-8,  69-1,  71-5,  72-5, 

76- 2,-14,-27,  77-2, -4, -48, 
78-3,  79-3, -6,  80-4,-10, 

81-4, -6,  83-20,-21,  84-26 

secondary 

electrons  86-29 

ion  mass  spectrometry,  see  SIMS 
emission  77-14 
particle  suppression 

77- 31,  78-24 

SEDAN  86-6 

segregation  79-18 

selective  chemical  etching  77-34 

self-energy  85-7,  86-18 

SEM  73-4,  75-6,  76-9,-10,-20, 
77-14,-19,-20,-32,-39, 
-62,-65,  78-51,  80-27,-47, 
81-44,  84-38, 

86-29,-30,-31 

SEMI  81-48,82-37 
standards  80-52 

semiconducting  material  77-9 

semiconductor  63-2, 

64-2, -3, -4, -5, -6, 
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68-1, -9, -10,  69-5, 

70-3, -4, -5,  71-4, -6, -9, 
72-10,-12,  74-3, -6,  75-15, 

76- 4,-12,-23,-32, 

77- 16,-39,-42, 

78- 4,-11,-31,-32,-36,-67, 

7 9=9 ,-12,-14,-27,-46,-51, 
-55, 

80- 8, -9,-31, -36,-39,-54, 
-55,-56,-59, 

81- 5,-13,-14,-15,-16,-26, 
-47,-54,  82-4,-19,-30,-43, 

83- 8,-22,-23,-27,-45, 

84- 1,-19,-27,  85-15,-16,-36 
86-8,-37 

breakdown  66=5,  69-4 
characterization  76-7,  77-8, 

82- 38,  83-37,-38 
defect  76-5 

device  62-3,  63-2,  66-6, -7, -8, 
67-4,  68-8,  73-8,  74-11,-12, 

75- 1, -3, -5, -19, -20, 

76- 7, -9, -10, -22, -28, -30, -33, 

77- 2,-10,-19,-20,-21,-22, 
-23,-34,-37,-38,-54, 

78- 14,-38,-56,-60, 

79- 4, -9,-17, -20,-37, -38, 

80- 50,  81-30,-47,-50,-51, 
-58,  82-9,-35,-50, 

83- 40,  84-23,-32 
86-34 

model  85-41,-42,-43 
diode  76-21,80-29 
electronics  78-65 
equation  83-4,  84-3 
fabrication  75-4 


hermeticity  77-50,-51 
material  77-10,  82-30 
metrology  77-18, 

78- 26,-29,-53,-54,-55, 

79- 48,-49,  80-10,-51,  83-24 
physics  86-19 

processing  77-9,  78-59,  81-47 
standards  80-52 
structure  77-33 
surface  77-57 

technology  78-9,  79-18,  81-47 
test  method  80-52 
wafer  72-1 

semi-insulating  84-40 

sensitivity  index  76-26,  77-44 

sensitometry  77-44,  80-42,  81-42 

shear  test  83-25 

sheet 

resistance  64-1,  77-6,-13, 

78- 7, -8, -52, -53, -54, -55, 

79- 47,-48,  80-2,-51, 

81-27,  82-1, -2,  84-2, -8, -27, 

85-3,  86-22 

resistor  75-3,  76-3,  78-7,-65, 
■79-34,  84-13 

short  channel  80-7,  82-47,  82-48, 
83-17,-41 

MOSFET  83-3,-42 
signal  processing  77-65 
Si(Li)  detector  72-3 
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silicon  62-1, -2,  63-1,  64-1, -2,-4, 
66-1, -3, -4,  67-1, -2, 

68-3, -5, -6, -7, -11,  69-1, 

70-1, -7,  71-3, -9, 

72- 4, -6, -11, -12, -13, 

73- 1, -9,  74-3, -4, -5, -6, -13, 

75- 13,-15,-19,-21, 

76- 3, -4, -5, -7, -12, 

77- 3, -5,-6, -8, -11, -16, -23, 
-24,-25,-42,-49, 

78- 5,-32,-34,-41,-43,-49, 
-59,-66,-67, 

79- 12,-14,-19,-27,-30,-31, 
-35,-36,-41,-42 

80- 9,-20,-31,-33,-36,-38, 
-39,-40,-41,-45,-54,-55,-56, 
-60, 

81- 1,-13,-14,-15,-22,-23, 
-24,-29,-32,-37,-41,-47, 
-48,-54, 

82- 19,-20,-21,-22,-24,-37, 
-39,-43, 

83- 8, -9, -10, -11, -22, -30, 
-31,-37,-38, 

84- 4,  -5,  -19, -29, -30, 

85- 13,-15,-25,-26,-27,-39 

86- 1, -8, -17, -18 
carbide  62-1 
characterization  81-49 
defect  66-10 

device  78-56 

diode  66-5,  69-4,  76-34,  83-19 
dioxide  77-43,-61,  78-38,-39, 

79-4,-35,-59,  81-26,-41, 
83-26,  86-9 

film  75-5,-10,  76-16,-24,-37, 


80- 17,-19,-23 

growth  kinetics  78-19,-20 
interface  78-61 
layer  75-11 
thermal  oxide  79-26 
gate  79-33 
implantation  80-14 
lattice  78-42 
monoxide  76-34 
nitride  film  80-17,-19 
oxidation  tube  78-38 
polishing  77-16 
radiation  detector  66-2 
resistivity  75-3 
/silicon  dioxide  86-39 
interface  75-9, 

76-16,  77-26,-30, 

78- 16,-19,-20,-21,-22,-58, 

79- 1,-22,-25,-26,  80-22,-57 
layer  75-14 

chemical  states  78-22 
spectra  76-34 
sputtering  79-30 
technology  81-44,  84-28,-38 
thickness  86-9 

simulation  85-41,-42,-43,-44 

SIMS  78-70,  79-30,  80-14,-61, 

81- 51,  82-49,  83-3,  84-18 

sintered  aluminum/silicon  86-22 
sintering  effect  86-22 
sodium 

contamination  77-43 
impurity  78-38 
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trace  detection  76-25 
solar 

array  77-53,  80-15 
cell  77-53,  78-53,-54,-55, 

79- 48,-49,-50,-54,-55, 

80- 15,-30, -35, -46,-51, 

81- 27,-31,-46, -49,-52, -53, 

82- 16,-38,-41,-42,  84-27 
analysis  81-31 

defect  80-35,81-27 
measurement  80-51 
silicon  81-48,  82-37 
stability  79-48,-49 
collector  80-53,  81-56,  82-45 
data  82-16 

energy  78-57,  80-15,-53, 

81- 52,-53,-56, 

82- 41,-42,-45 
simulator  81-49,  82-38 

solid  state  device  84-11 

electronics  70-3,  83-40, 
84-22,-37,  85-28,-34 

SOS  76-12,  77-25,  78-14,-15,-73, 
80-16,  81-35,  82-40 
measurement  77-22,-37,  79-20 

S-parameter  73-6,  75-8,-17 

space  charge  region  84-30,  85-25 

spatial 

integrity  77-27 
normniformity  83-42 

specific  contact  resistivity  84-31 


specifications  65-1,  66-7 

spectral 

analysis  81-55 
response  81-49,  82-16,-38 

spectrometer  66-3 

spectroscopic  81-1 

ellipsometer  82-8,  84-12 
technique  83-5 

specular  reflection  75-5 

spider  bonding  71-2,  73-2 

spreading  resistance  74-4, -5, 

77-16,  78-49, 

79- 12,-14,-19,-41, 

80- 1, -2, -18, -45,  81-21, 

82-1, -2,  83-1, -2, -3, 

84-2, -3, -8, -18 

sputter 

etching  79-60 
profiling  81-26 

sputtered  glass  76-39 

sputtering  81-51 
theory  79-57 
yield  79-56,-57 

square  array  77-8 

SUM  80-17,-19,  81-15,  82-10, 

84-16,  85-13,  86-9 

standard  reference  material,  see  SRM 
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standards  69-2,  79-54,  80-15, 

81- 48,-49,-52,-53,-56, 

82- 16,-37,-38,-41,-42,-45, 

83- 8,-25 

statistical 

analysis  82-23,  83-32,-33, 
86-14 

model  79-56 
technique  83-43 

steady  state  heat  flow  84-1 

step  coverage  81-39 

storage  78-57 

strain  85-14 

striation  83-22 

structural  defect  77-35 

stylus  method  78-50 

stylus  profilometry  86-9 

submicron  85-44 

bipolar  device  85-9,-10 
length  measurement  77-66 
lithography  85-47 

sulfur  78-30,-41,  79-36,  81-23 

SUPREM  86-6 

surface  83-16 

analytical  analysis  75-14, 
76-23,  77-26,-57 
barrier  detector  71-3 
contamination  76-22 


damage  78-72,-73 
effect  75-6 
generation  86-40 
impurity  77-17 
phenomena  63-2 
photovoltage  72-13 
potential  78-12 
preparation  74-4, -5 
recombination  79-10,  80-11, 

81- 38 

roughness  80-16 
site  84-25 

state  63-1,  72-6,  84-21 
temperature  71-1 

switching  81-6 

characterization  80-4 

synchrotron  radiation  77-57 

system  control  module  69-3,  70-2 

systematic  error  86-10 

T 

TAB  device  79-23,-24,  81-25, 

82- 13,-14 

tape  bonded  device,  see  TAB  de- 
vice 

tape  head  gap  86-25 

technology  assessment  78-56, 
80-12 

teletypewriter  interface  69-3,  70-2 
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temperature  74-1,  75-1, -2, 

77-40,-41,  81-6 
coefficient  68-3,  86-13 
mapping  76-29,  77-55 
measurement  71-1,  74-1,  75-2 
sensitive  71-1 
variation  76=29 

tertiary  81-1 

test 

chip  77=27,78-40, 

81- 9,-10,-11,-12, 

82- 31,-32,-51,-52, 

83- 39,-40,-41,-43, 

84- 13,-37,-43,-44,-48, 

85- 21,-22,-24,-28,-34,-36 

86- 11,-12,-27,-33,-36 
circuit  83-28 

method  79-34,-54,  80-11,-46, 
81-18,-19,  83-8,-42 
pattern  74-2,  75-3, 

76- 3, -6, -8,-32, 

77- 6, -7,-49, 

78- 5,-37,-52,-65, 

79- 7, -8, -33,-34, -46, -47, 

80- 6,-24, 

81- 12,-19,-20,-35,-36,-38, 
-46,  82-40,-52,  83-40, 

84-13,-37,  85-33,-34 

structure  75-22,  76-3, -8, 
77-13,  78-8,-40,-65, 

79- 2, -7, -8,-33, -46, -47, 

80- 6,-10,-11,-12,-13,-24, 

81- 9,-10,-11,-16,-18,-19, 
-20,-27,-35,-36,-38,-39,-40, 

82- 6,-31,-32,-33,-40, 


83- 32,-39,-41,-44, 

84- 13,-27,-37,-39,-48, 

85- 21,-22,-23,-24,-28,-33, 
-34,-36,-47 

86- 11,-12,-27,-33,-36,-37 

testing  62-3,  66-8,  72-8, -9,  73-8, 
79-31,  81-4 

theory  62-3,  66-8 

thermal 

analysis  84=1 
annealing  81-22 
breakdown  67-3 
characterization  74-1,  75-2, 
86-28 

chuck  78-27 
instability  71-5,  72-5, 

76- 2,-14,  77-2, -4, -48, 

84- 26 

measurement  82-29,  84-35, 

85- 32 

modeling  82-29,  84-35,  85-32, 

86- 37 

oxidation  77-43,  79-35 
oxide  78-58 
property  75-1 
resistance  75-18,  76-27, 

77- 2, -4,  79-45,  81-5,-16, 
82-3,-29,  84-1,-35,  85-32, 
86-37 

response  74-1,  75-2 
shock  80-25,  82-11,-15 
test  chip  82-29,  84-35,  85-32 
wafer  chuck  79-28,-29 

thermally 
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grown  3102  77-26, 

80-57 

deposition  75-11 
stimulated  capacitance  78-30 
current  78-30 
measurement 

78- 26,-27,-28,-29,-41, 

79- 28,-29,-36,-42,  82-30 

thermocompression  77-29 
thermographic  phosphor  71-1 
thermometry  82-30 
thickness  83-19,  84-12 
thin 

oxide  86-23 

film  76-34,  78-60,  79-50,-55, 

80- 17, -19, -62,  82-7,  84-12 
adhesion  measurement 

78- 50 

Si02  film  79-21,  80-22 
threshold 

adhesion  failure  78-50 
voltage  84-11 
shift  86-38 

thyristor  78-2,-56,  79-52, 
80-18,-38 

material  77-3,  81-28 
measurement  77-3,  78-49, 

79- 41,  80-45 


total  dose  77-20,  83-13 
trace 

analysis  77-11,  82-24 
for  silicon  86-8 
for  oxygen  86-8 

tracer  62-4 

transconductance  degradation 
86-38 

transducer  78-23 
transient 

capacitance  81-28,  82-44, 
84-45 

spectroscopy  82-43 
thermal  response  74-1,  75-2 

transition  metal  85-38,  86-39 

transistor  62-3, -4,  64-3,  65-1, 
66-7, -8, -9, -10,  67-3, -4, 
68-8,  72-7,  73-4, -6, 
75-1,-17,  76-28,  77-38, 

78- 3,-34, 

79- 3, -6, -8, -45, -52,  80-59 
chip  temperature  71-1 
curve  62-4 

die  attachment  73-5 
fabrication  74-10 
gain  78-5 
turn-off  84-9 

transmission  illumination  77-46 
transport  85-40 
trap  71-6,  72-12* 


time-shared  computer  69-3,  70-2 
topography  85-16 
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density  84-6 
TTL  78-5,  81-30 
tunneling  62-1 
turn  off  85-11 
two 

dimensional  array  82-23 
model  83-42,  84-47, 
85-26,-40 

layer  structure  78-33,  80-33 
probe  64-5,  79-14,  83-12 
terminal  device  63-2 

U 

UHF  transistor  measurement 
76-28,-30 

ultrasonic 

bonding  71-2,  72-2, 

73-2, -3,-4,  76-1,  77-29, 
78-17,-18 
cleaning  82-12 
fatigue  74-8 

imaging  technology  79-43 

ultrathin  film  85-12 

ultraviolet  86-13 

ultraviolet  reflectance  80-16 

uncertainty  82-10 

university  79-13 

collaboration  81-43 


U.S.S.R.  71-4,  78-36 

uv  photoelectron  spectroscopy 
77-30 

Y 

vacancy  80-36 

vacuum  84-20 

valence 

band  81-33 
state  81-3 

van  der  Pauw 

measurement  83-29 
structure  77-13,  78-7, -8 

Van  Kreveld’s  law  80-42,  81-42 

varistor  79-51 

VBMOS  81-7,82-3 

VHSIC  86-30,-31 

vibration  80-25,  82-11,-15 

vibrational 

model  85-15 
spectroscopy  86-42 

vibronic  coupling  78-42 

visual 

alignment  79-46 
structure  77-49 
defect  75-4 
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VLSI  78-9,-17,  80-10,  83-45, 

84- 22,  85-22,-23,  86-23 
86-30,-31,-36 

contact  reliability  83-35 
device  86-34 
metallization  83-35 
package  82-12,-29,  84-35, 

85- 32 

processing  78-13,  79-15 
voltage 

contrast  77-14 
variable  resistor  79-51 

W 

wafer  82-12 
chuck  81-19 
diagnostics  78-11 
map  81-36,  82-23,-52, 

83- 32,-33,  85-23,  86-14,-21 
probe  station  81-19 
prober  79-28 

scanning  80-32 
testing  78-37 

water  vapor  62-2,  63-1 

weak  inversion  measurement 

84- 21,  86-35 

weld  81-25 

welding  72-2,  77-29 
mechanism  72-2 

wire  77-29 

bond  degradation  72-8 


failure  72-8, -9,  73-7 
test  73-7,  74-9 
bonding  71-2,  72-2, -9, 
73-2, -3, -7, -8,  74-7, -8, 
76-1,  78-17,-18, 
81-16,  82-12,  83-25 

work  damage  80-16 

workshops  77-53 


X-band  measurement  76-21 

XPS  78-16,  79-21,-22,  80-22,-23, 
80-57,  81-51,-55 

x-ray  85-16,  86-20 
exposure  78-14 
lithography  78-14,  79-17 
topography  66-10,  86-17 


yield  79-8 

analysis  80-12 

Yukawa  potential  81-2, -3,  82-22, 
83-30 


zinc 

implanted  silicon  75-14 
oxide  79-51 
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